I ME^U ^ I SEABQRI I INDEX 1 1 1 DiT^& 



1/1 




JAPANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 



(ll)Publication number: 08178637 

(43)Date of publication of application: 12.07.1996 



(SDlntCI. 



G01B 11/24 
G06E 3/00 
G06F 15/18 
G06T 7/60 
G06G 7/60 



(21) Application number: 06325302 

(22) Date of filing: 27.12.1994 



(71) Applicant: 

(72) lnventor: 



MITSUBISHI ELECTRIC CORP 

TAKAHASHI MASANOBU 
MAKITA JUNKO 
MIYAKE YASUNARI 
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(57)Abstract: 



PURPOSE: To perform information processing at high speed as to 
distance measurements, detection of movement and speed 
measurements, etc., through parallax detection by employing optical 
neuro chips in constituting a correlation computing device that 
calculates the correlation matrix of information about the contour of an 
object 

CONSTITUTION: A correlation computing device 2 computes 
correlations and the sum of correlations on the basis of information 
about the contour of an object derived from contour detecting devices 
la, 1b, and a computer 3 then calculates the amount of strongly 
correlated deviation and the distance to the object etc., based on the 
results computed. Artificial retina elements are used as the contour 
detecting devices la, lb and can detect a contour for one scanning 
line simultaneously and in parallel. The correlation computing device 2 
comprises optical neuro chips having an output circuit for processing 
outputs from the artificial retina elements, and the output circuit of the 
optical neuro chips adds together the outputs of the array of artificial 
retina elements in the diagonal direction of the array and outputs the 
result Data for calculating correlation matrix are input to the power 
supply circuit of the light emitting elements of the optical neuro chips, 
so that matrix calculations can be performed at high speed. 
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^mi(D7.9-^yyt. •;*^?)#^B$^J®li^®mIf3 
X;^n^i:l5lb]6^®^*ia®*all5mig&»E5!^tb^^ 2 
®X7^>;'ri:, M'Si-i) 2o®8#^J®Mfl5tt^®fflHfT?'J 



*ffa[1--S^3fflX7^<;/Xi:. ffig8ff5)JSff^J®S«S 
Jcipff-r-5^4®X5^>y7*i:. iPffbfefflilfT^'JO?^:^ 
;)^[aj®fn5S?»S^5®X7^>;/ri:. ffiHfr^J®?*^:!? 

[pI®ffiiP 5)ffill®^V>fTi?IJOS^®fT5>J®^^^*^ ^ ® 

^rz(DX\ mi3::^mM(om^(Dmmmmt:m^^xmmm 
m^'ifotztb. ^i$.(Dmwinm.inmiz^&?>ztifiX' 

[0 0 4 0] t.tz. :i<DmM(Dm^mi 2izg^t)?>mm 

^:^mi. WsRiS 1 1 tiiV^T. 2^f*:®^*^*[pi® 
^t!)^Jg®tSffi*^ t) jitf1^ai^fi®^S^* 

[0 0 4 1] ^fz. z<D^Bmm>^mi 3izmt)^mm. 

®*f^;&[qi©ifn^sf<(fe.5ll5®X7^^^7'®^{c, mej^ 
nmi(D7.^^yy\z\>^t:>'^x. ffiMfT?u®*t^*[Si®fn 

(iix.fc®T% 'i;>SCfSbT^ ^ U ipe.'i:>g^^B#SiJ®fflK 
ff ?'J®St^:S[p]®WSr^*^^tB-r c i: tc i D «n ®M^ 
fa^fflv^TffiMfciti«;®^t!;tM-r2.t»$8^f#S :i i:*^ 

[0 0 4 2] c®^B^®if5l?ril 4lC^^3SiH^ 
i!Q;S*ffittv af«Jil 0®tl«:®iEg^i::^ It*^ 1 175 
SW*iSl 3®v-«-rti*^ iiItlB«®t)^®**?a::&[S] 

S^®tt«^ff ^ C i: *ST- § o 

[0 0 4 3] :i<Dmmmimi5\z^t>^m^ 

mmJomi-s if*iBl ISfcttl 2{ci3V>T. 

M^-5B#^J®-:5®^f|5«iRi:bT^ Bul3^»ti# 
®^v^W^Iij»^;:ii.$^fPtf^Sfflv^?,®T% ffiHfT^'J 
^feft^t-Sl^tHiS-r^. ^®ti li^®y^'X®^^^l^ 

[0 0 4 4] Sfc. ^®^B^®i»*iBl 6(c^t)5iij^ 
58tS^ffitt> W^Iil 3t^DV^T^ ^^i)%«^®'fcv^«« 
iffi^®^f|5t»ffi{c i 2,ffiHfT?iJ®^:^;^[Rl®ffi&;^ ^ >; 
(cf3tS^-a-T*5§^ M'&SB#Sijo-:5®^f[5«^®fflR 
fT?iJO^^:^Iq]®Sli:bT^ Htii3^toi^*®'&:V>#MlB 
^®tef|5miBfc: J: sfflllff ?U®^^*lSl®^04ffl v^ 2. ® 

ffiHfT?iji£W-»-r5i^t3tti^-rs«i®fflM^®y'r 

X®^^ SI^S t- S i: A^T- § s . 
[0 0 4 5] ::®^B^®ifi5t<iSl 7{c^t5l)iijfl^ 



(7) 



8- 1 7 8 6 3 7 



§ ffl o * o CD T- ffi Hff ti-ff 1- S 1^ t 5 ^® ffi 

[0 0 4 6] t.fz. :i<Dmn<Dmm^i ^vzght)hm^ 

^fe^S i i: A5pItgT-iii^5!La©ii«jg*5|Rl±t-?.o 
[0 0 4 7] Sfc. C©^0^®W5t<iil 9(c^^l3 2,iii^ 

T\ ffiic®lli^^fflv>s:ii: 

[0 0 4 8] 

[^SS«fiJ3 

ii5st?!i 1 . :i(Dmm-'^^\^m\:.-o\^xmnt^. 
m 1 kii^mmm^%Mmm.(Dm^x'^\zimm'^m.m. 
h \.xmm ufe«-&®s««jEK^^t-. m i (ci3v>T$^ 

fPt^tB^e la. lb (J-:^^ 1 a ^:fe®Mf|5iifettiSe. 

1 b^*®iif3t^fcHS«i:i*r^i-?.) > t^^m^ntz<^i$~ 

®W<£tt»U ^®Stff!iS**a{-tt«[^3*fflv^Tffi 
ll©^V>^tl.fiSt>'tl<*:©SB^^©lt^S:fTd o 0 2 

®affi®^Jli5:^bfc*)®T-fc^o ElffJSTi (i = @ 

mm \i7.^^yym^^m.-to 
[0049] s*:. 03 \i.if.%m(Dm^mmmm.\cmm 

l-SttiPltmST-fe « AiilHM«^®tt{'^llS^SiB^t- 
SEIT-^So AX|3M*^(Artificial retina){i. — 
fig fc:ttlS^fi®^JSBl^§^*^( Variable Sensitive 
Photo Detector) i:. ^WmiilS&SPi:. iB^^iSi^gPi; 
4{i^tV^?)„ |I|3{±. ^Jx.{S roptical neuro-device 
s: K.Kyuma, E.Lange, andY.Nitta, Optoelectron. , De 
vices and Technol. ,vol.8, no.l, pp. 35-52, March, 19 

93. J ®46Mf3^s^nfe*)®T% i&fp^^msai as 1 

bfcbT. At;Iii^®l&IP^&^*^ari:JciSjSfc1^mi- 
•5^ig$r*T?>*)®T-feSo EfciiV^Tx ^JSW^^Tte 
Sg? 4 ® 2 o®5S^ A^d^?)«E©::'^ # $ |S] § tc i o 
T^fetc^^-r S^JSSr^x. 5 i: A^T- § 2 o®JS?{ctt 

^n^n$ijmiiiEfflfT;^fajia^5i:s ?ij;5(ri®s^si?£ 
[0 0 5 0] t.-r. j^:Lmmm^t:^m \.tzm(Dmm 



tB®lia{cr:)liTa5iH^^-5o 0 3 4" (a){c^-r<i:^ tcl 
friicSfflS:. 2fTit«ffi- 1 ^^JD^i.o 
^±«:®{C,^M$n. :feUt®IS®«^{C«±Mtt^iXT 
i,^;5:v>. ^®i:^. IffSi: 2f?iT-aK"pr^§^»? 
4 tc^it^nfc^fe®^^ A^lB) DgP^T-{±?<J^ffiIT'fcB;'3*s 
Sngt^tl. m^ttOfc^ftS (1. 3~5?iJg#HB) „ 1 
ff i i: 2 ff iT-^O^S*^S-fb LTV'' SgP^®»^ 0 -e^ 
V^tt;;'3l A^3Sns (2?iJB®t±i;b) , t-'Sit)*.. ^fP® 
*^i±i3f)5fTt)nSo i5?(cS]ia-rssE<&0(a)4>oT:?J(z 
■rf>bs ia>45(b)®cl;d{c. 2ffi{c«JEl<£> 3fTB 
I^Ad^S. c®t§. Iff Si:2fTgT-^® 
^;K*^^<bb-r(/'>-g)a5^©^^^0T-'&:V''ai:t» l A^jgtiS 
(3?ija®m±;) o ::®^S$r^DilbTs Sffi^rJiMtc 

■re.bTM^bTv^#. ^®B$®m*f3^^3e-^sfc. 
0rf>(c)®cfca^ff?'J*5ffJfie$n?.o ^®J;a{3. *grf|5 
t^m^Si:b-c:i©J;^'5cAx^M*^^fflv^^hs ^ 
»ai*^®$ifP^|B]B#tA^oa6?iJ{Ctfetli-r-g^o Mo 

[0 0 5 1] m^. mv^m^-^m2cDyu—^-^-}'\z 

eeoTBiH^t-5o S-Ts 2^®:ii>ye^t^m^gl a. 1 

btcfcU. :fc;&®A;^7lljil3fp^|H]biS^®*a^±®$i 

>p^^«?^i*:9-^ot^m-r5 (sTioi) „ mmWi 
iis ^ii5©fe5h'5®fa«iiT% ^i^tc^tto t-r 

;ei:;fe®iiI^okSi®**#^®«Srf|5tff$g^V,(k, 
i)i: Vi(k, j)i:t-S i:. iiifPtfl8V,(k,i)i: V^Ck, j)F^ 

®&5*ri:©ffliiWk(i,j)(±i5i:^(5)f^x.e.ns c 

n^fflH?1l»^a2^ffll'>T*i*5 (ST102) , 
Wk(i,j) = V,(k,i) • Vi(k,j) • • • (5) 

fflllM»«S2®-^J(coV'>T{i. ^T-pb<iS, 

[0 0 5 2] EI4C£i:;&®A;^;ili^® liliB^®miP 

xtimmx'^^o mizis^^x. m^iimttia 3 ©jiaii 

a-:3^/^T«^ttl^nfe^lP©feSJSF;fS:^^bT4^^)^ 0 3 
(c)fflfT?iJ{C|g^-rs= ^fcs Cl®ll4S:afC^(5){^<t 
t)5Rtofckffg®«$P®ffi||J£|g^lI5C^^t-, latis 
V^Ts 7 a~7d{±ffiHWk(i,j)AilT-fe-=.fc5**« 
To ^fes 8{i7(t^iS<&«-ro fflMWk(i,j)AsiT-afeS 
kfTe®«fI5«^®a*,s :&®^fPt»^ 
®i*gi:&®^fI3tfl8®j»BA^ 1 •r-fe?.i:v^3 ' i: 

(t?.fflHA5ix-fei,s^7a~7d®at,s mmi&t 

7 dttlE bV^^jiSHt^tc i ^ bfcffiM. EPt, |5l-®|i 
^|5^CJ:t}^bfcIEbV^■T<y5^></C<tSffl|lT•fe!3. 5 

»7bi:7 c{ip,ofc^>|•^fc;M^^c<J;^3^bfe1fM. EP-^ 
®®-9'>>5=->ytCcfc-SfflMT-feSo EI®ct^{C, IEbv^ 
^<^5^>^lciSfflH (7ai:7d) fi, Jtt^Sg^^aifT 

[0 0 5 3] *{C. fflMM»^B2JC^3V>T. liM®« 
»J^»^£^n*-C-®S»r^«{CAn»-rS (ST103) o ffl 



(8) 



f^m^ 8- 1 7 8 6 3 7 



M®ftg (ST102) tmW. (ST103) ^-T'^TCO^fi^tC fpICDW^fflH«»^e 2 ^&ffl(,>T5l<to5 (ST104) » 

7, = f^W'(i,i + «) (6) 



Ifi<&7ct^ffill®^V^-rtll:(J<£5l<«>5 (ST105) o 

^nS, St. ■ffe*©«ffil2tt^fe*r6l{CitjitT3feS 
;t- K10ttff*|pjC^S©^MT-fe-QTVSPDr Ix-f © 

mm^icmm^fi. mmmn^m^'^MS:^m^4:(Drz 
i^m^-t?>^mm.ms.m^mm (i-v^^|5iie&) , 15 

m^^-f^t-YY^^^"^) X%^s ^T^^V ;r-h-io 
[0 0 5 7] 07{i. m©^ffipl^§:^*^4i3il>- 

^7te<$^'^3l--^•lo^fe^^■r-a5Bf^S0©-^^J-r•fe5o ate 

<^ M6±OnSGaAsa«17©±©2S©^-t»-SiiT-*]l 
?tl^o ^lO^-y- (TSiC^lt) tt^^y-f^t- KIO 
S:il31-ri)*)©T-fet)s n^AlGaAs«18v XttGaAs/AlGa 
Aslil9. pSAlGaAslZO. * J;l>-pMGaAs®21T-Bf!K^n 
^tzs a±gi5Htt, $ge:7>f ;i/A22T-St>nfcLED 
fflS1S23ASi6(t?)tlS. LEDfflaiS23{i^^^-l' ;t- Kl 
0-^(D&Xmm I tip®«$&4S^ <&:^ l-T. LED K 7 -f 

5izmm^ti%o ^2©^-y- (±@©p<-t»-) {±^a[Bf'X 



§^^^4S:^:S-rS*)©T-S»3. ^i©^-y±®Ktt 
AlGaAsJi24*5iy;GaAsji25T-«f!E$tl-5o ^ 2©^-9-© 

(I out) ti^mii^^n^, Slin«ffiiS^26{iE16©Sffi 

® TtettH f P „® i 5 IC^jg ql'^ S^*^ 4 -vJ^W^ 

[0 0 5 8] ^^i-P5^'y7"©«;Y^C-3V^T{i. 0iJx. 
«tfia>©An:fflM«?{cH-r5-fe©i:|5ii:35:i^ roptica 
1 neuro-devices: K.Kyuma, E.Lange, andY.Nitta, Opt 
oelectron., Devices and Technol., vol.8, no.l, pp. 
35-52,March, 1993. j ©36~45M^-?^$^^TV^S<, 

i-o^5/r©^iKBr^§^«^©3fc«^tti^jKtt. ma 

«jE©ffi<4iiAt$=£^x.S^i:tJ:oT. 3fet^ttl^S 
ii. iE©«AttA^fc*©«Aft*T-«iie<]{c^<bUd 

x-^i!i^mm^n?>t. mmmmt^wt^mmmrso) 
mizi;t:s\^tz^mtiim^^mm.ir^. ^tz. :i(Dmw^m 

[0 0 5 9] *^B^fC^fflbfe«^g®7t-J--D5^>y7 
(0 6. 7) ©ttf'^tt. ±t3©^-:J--D^>;;7*©l!l{-^ 
Jct!ex.«i*:©J;at;feSo :%7^<5^'r5}--K10A^e>A±;^ 

T-'&oTt^mt-^o fin*.. ^7te^s^i':t-Kio®^^a^ 
mmt^mxmm. i mii^-Spi^STt^^ 4©$ijffli« 

[0 0 6 0] 7fc-i-D^^^7-<£fflV^fcffl||jl^ 

^cpia 2 h |5] D^JlMtC-ol^TttlHl D S T i *5{^$nT V> 
i.. 0 2®7O— ^^-V'— hi:®itvi(i. E12ctJ©ST102 

*©;^7^';/r{±2«*$;T-^NLTV^.g)<, S-r. ST101T-f# 

^nrz2^(Dmnmmvi(k,i\ v^ck, j)© i 

mc. ik:^0mmm^iEd]^^^ ;n5-^x±it^t. 
^fPff J: ^ 1 ©fT©^3fey'r K izudmmm 



(9) 
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(ST107) , -^B#r^®^. mwmmEE{vb)Ri^, le 

(5)(CJt;i^f^ffiHWk(i,j)*5v h 'J >;;^^tt{ZiB$nfcV 
SPOT ©<l>^O^SqJ^§^«? 4±{ctgffi^n 

(ST108) o T'^TCD^Si^tD^n.StsglTbfe 

T?>ztic^r). mmcomm (stio2) 
v^THM-rnsjDS (ST103) ^nrzmmm§ibn\ § 

gJC*a»ig^O^^^;&[6l-N®i|i^^;rc b (ST104) 

[0 0 6 1 ] mmm 2 . wt^ c©^b^®sij©iiss^j$: 
mr-mzmi^oDH^m^mmmh vxmm bfe»-&cD^« 

«fiK4^-ro 0tc;f3V^T^ feSB^giJttl^mbfcliBtS 
^®^fP«^^^^ UZSt'RffbTiJ^. i5j©Bt^Jt+l 
ifilf P^tB^a 1 c i Itffi ^ n ?, ifilWtt^ i: ^ ^ U 28 

SK2fcJ;f)5tc«>, «®fflMA>?>tt#^3**iJfflbTtl 
f*;®^»^Jg^1^iU-r5o iaiO{±*:Se<£{£fflbTMf*: 
6<J'5:^«1^l±i^<&fTa ia^5!lSffi©^)li^^N bfe 7 D - 
^^—hX'h^o 

[0 0 6 2] »:iz. ^mm^mm hx^it-cD^m^ikm 
■r -5^)11 {CO v^T^ mKXDyn—^^—hizm-oxMm 

^A^e. l**i^^®ttfI5tflgV„(k,i)^1tmt-S (ST2 

01) o »:iz!^^f^mtiizts{f^Mmsi(D^mmmy 

„(k,i)§^t'J28A-?>D?t>'m-r(ST202) » :ine.lif3 
tSlgV„(k,iX V,o(k,i)®r^0§S«ri:®fflilSffl 
H?S@^B2 ;&ffll^Tll^fi^J 1 i:|5l«'&:^?£T-*»S(S 
T203), ifet. ^aHSS^e2^c43V^T. 
^4^n*T-®M»i^*fCija»-r^(ST204)o fflUClt 
» (ST203)i:iD» (ST204)$:^T©^ai^l3OV%T3lfT 

2^fflV^T5Rto?>(ST205). CCIT-. 2 r3©B§SiJ t ji: t 

l©ST105i:|5]«Cffl||®^^,^1'^^S5,§5l<«)?) (ST20 
6)0 ffi < T- § *^ if a A^T-«**s^S> b t if ^ 3!p 
tft^*or-#^ ::ti{cj:t)*^0^o^B:at>'*^A^tK*© 



^^:^m-^cDif^mnme^m^x-§h {smv , 

0 = (0/p,) • (5, • ■ • (7) 

p,imm^iiimm.o:>Mm^:^\^(Dmmmx'^^o 
{c . Btaij t , 4o tt ^ ±MMU(Dmmmmvi 

mX'hiXit. ^^•;28{CfBtt$-a-S(ST208)o tJl±®^ 
mtctf). «'5;5B#M©il?I5«^Sffll^Tt)<*:®i^l!Jt^ 

[0 0 6 3] ±s3^M«^Jtc J: Dff e,tife!^f*©^ 

it^m.m^Mm[.fzmm.ismmw<Dmmmx\ 09© 

MIPlttBSl c{c|§:a:^iS$iJffll^«29SS(t. f!)i*:©S 

mmmiz x ^ mm.'^mvm^mi^-t^mMm!^^ 1 c©is 

B^JS^^i*;^itMT- ^ S i o fcMffllt- -5 © T- ^ o 
d O iiS^fg t o V > T EI 1 0 © 7 P — 5^ + — h {C a -t^ VI T 
BffiBa-rSo ST201~ST208{C-ov>T{i±SBIISSC?yi:IHIb'r- 
5 o EP 2 o © PtSiJ 1 0 1 1 (C j5 lii^©ltf 

*^5.ti#:©^»t^ai^fcii^^©^i6^ie*5ff?ij-r5o ^e. 

t^m^ 1 c©»«:^JS<&iSa:^S*iJffll^B29{c <t t) 

b. ^*|5l^mtilc©IliaF*Iti^<*A^if4^^S<t^{c|Sf« 

1- -S ( ST209 ) „ 1^ V ^ T %{*©^I!)f»^{i ST20 1 ~ ST208 ^ 

[0 0 6 4] IMmSm 2 t^3V^Ttt^ *M«^J 1 

^fPt^m^BhbTAxlHJR^^^, fflBiig 

\^izmwr^i)(DX'$)^mmi^m^^tnt. mmx-ms.(D 

[0 0 6 5] mmm3. wt. :^%BMm<i<Dmmm^m 
iz-oi^xmm-t?>o ±%'&mmm2X'ii. ^it-cDM^u:^ 
fni^©^»^s*?ij^bTv^5As^ ±mmmmitm.^ 
-^t^^x^i^^xmm^mmizm^-rtnt. tii*®^ 

mz!^i^tx-<Dmmtmii-(D^m^ti!,^'^^ttmm.t b 

T Wffl b fe»-&ffl^B«fiK©0f!l ^ ?^ b T V ^ S „ la *5 V ^ 

5!*^Hit-ci:*ST-t?,o :i(Dmmmm^miz. mm 
m»mm2^m^^xmmRumm(Dmitm\.. c®fh 
ffiKn^featc 11-^^3 t:mi^xmm(o^^^-ftim.j&xf!^ 

Rz/mwm3^m^^xni^ixrzmm<Dmmitm2<D?i^ 

tf'X^^o ^tz. mmm»mm:2izisi^xiimfjihmM 



(10) 



8-178637 



m-^i^imi^(DmmmwL<zm\:'Xs mm^m^mmmz9 

[0 0 6 6] *lc. t!;#^)S®-^JS013©7D— 
-htCtieotiiB^-r?). 0{c:t5V>Ts ST301~ST306ttll 
SE^J 1 (DM 2 cfSTlOWSTlOetCffl^ ST308~St309li 
JIM«^J 2 ®01O(t>ST2O3~ST2O7{C(S(Sffla-r 5o 

[0 0 6 7] 2^®^>^S^1t{±i^Sl a. IbtC 

^*J^l*^-:3o1^ait-I. (ST301) o li 
f|5©feSi:C5®ft<i ITn !&v^i:35«i0 i:-r?><, * 
i:&©ii]^0 k» a©**J^®^# PtS^^ V,(k, i ) i: V 
t(k.j)i:^€.h. ^#15tt$gV,(k,i)i:Vi(k.j)ra©^S 
*ri:©ffl||Wk(i,j){±iC(5)T--^x?>n. CtlSrffiSI 
M»^g2 $rfflV^T5tc».g) (ST302) „ ifet, fflHiSS 

se2tc43v^T^ ffiM®a»i^s^^n*T-©?ii#ii@ig 

t:*D»-rS (ST303) o fflH®tt» (ST102) fciD» (ST 

103) ^■r'^-t©^*»-ov^TiifTU i^T-rsiis 

■r^-C©^*i^icoV>T©fflSfflin^ i: o 

^(6)T--^^ ?.ns^m;&iS!©ffl<£fflHSi^se 2 & 
(ST304) „ z zx^Mm I tmmicmPf- 

bTfifefcB#t«?15ASfi;ft5®«©ISI 6©^^ 

toi. (ST305) o -rtimifii^WAizm-:>xmwm.^m^^ 
x^m^mwi-^ (ST306) o zzx% zn^xiz.m^ 

*©ffif|5t»#A^e.*tofcfflHff ?'J^ I fi©^^P> fflK® 

ti<*ST-®sE^^©tf^g^S2©p(^'; 
3otcf3<i^#So fin*.. ffliis»^a2T-ffifflt-stf?g 

^7^-;5'{i^l®/^U28tC. fh»^3T-{gffl-rSt»$g 
•^T^-^J' 2 ®y ^ U 30ti3^^-& 2. (ST307), J^ft 
0^i!ji3MT-5««A^'i:>S''^i©^«i. ±f3ST301~ST307 

[0 0 6 8] !^it.(Df^wnzm-r^mm.t:m?>ici,i^ 

«^JS«?iJ2®iaCc^l®^^U 2 8 A^e)S?5:^BtS!|© 
iiiJPtS^^^^^i^tB U cn4*icfflHM»SS2-r-^5 
«S©fflH**)h». fflM^TJ^iJ^ttac-rS (ST 3 0 
8) , ifetc. ffiilS»^m2t:*v>T. 

**tLST-©M»lg*{CiljD»b. ^tL^^T®*4M{^ 
ov^Tllff■r•5o f'^T®^4i^tOV'>T^aS®*J$:5l< 

tofci|g«*^?>. sc(6)T--^x.e.n-g.5*Ma:&ipi®ffl*iB 

§l^llg[^S2i&fflV^-C*«)> ^e>tC> M%S2 0©B#^J 

-rHfitSKf^. ^c(7)4fflv^T^4M;|^l^I'N®^l&^jS 

fl^itac-rs (ST309) , ST306T-5Rtofctii*;^ 



T- ©gggi Z p h^ib^S <9 6) ^Si^^J IS] ©^KiS Jg u 

^*:^feiiMb•r«^^fe^#SJ©^^c{i, ^Si^;&|Si'v©^i& 
^JK e ©t«^^S t ^JPli^ai^S la. 1 b © ISS:feJg 

[0 0 6 9] ±.%mmmx\i. ^^^©^tttcMi-^w^ 
^^^cJ:^)Jli^^:^ali©^v^•r^^scy,. ^i&^s^^^to 

A^. ST307f ^ 2 © ^ ^ 'J 30{C §B<t b T 4o V ^ fcffi 
^USr^Jfflb. M^i.B#^J©ffiH:0'?F©ll^^*«)€.:^& 
^fflv^■r^)<tv^o fflH©^^A^^'^b-r■^.i:v^ac:i:{±. 

^(Dm\^^^iimmk^m.mmmm{m^t.xo^mwL) 

As^{bbfecJ:^ic[*b. tifeoT^**;©mi^:&fpl'v®^ 
l&SrtttliT-^S, St. M^®ig;^<J:!5fflM®^<HlT 
u^2.^tia®MS:5R»-S^i:{;J: !5. ^^(D^m^W. 
t). ^l!j:^jetffiiJ^T-#?., C©»##)li©«?!lS:014© 

[0 0 7 0] ST307^T-«ilI13i:|5]aT-fe?.o ST311t-. 
S>&:SI^SiJ®fflil^^I«(to)> Itf(t,)^^2©^ 
^U30>fpe.^a^*tiib. ^ ©^^ & f|-»^ 3 T-tt@-r So 

M^©iSig. f^w^xcommcomht^m^x^. 

tKDmmcD^i^^XCD^m (ST307-r-^ 2 ©^ ^ U 30{C 

^©fffSA^iafi^txTv^s) (D^trnm^*'^. *s 

(8)© ct a l^^i&^JS V *sttfl[T- g S ( ST312), 

V= (Zp(t,)-Zp(to)) / (t,-to) • • -(8) 

zzx. Zp( t ,)iimmtiizinf^<^i^^x(D^m^ 
^■r, ^fe. ^mmmRtFM7)^m^^xmmn&^m 

mx^^zt (iM a S T- 4) *e v-io 
[0 0 7 1] ±iBIISfi«^J 1 ~ 3 ^^ftiaf^ 
ov^Tfflil*iP»bfc^. ^^^;^|pi©«i^^^^^m-rJ: 
acbfc*^. ^^*^^{cov^TT•*<^';^— 7°^(tbfc 
^*;^©S-&-i:{-. a&Sl^{ii£:>5?fe^*^©IBH©i^ 
S<£*D»lU ^:fti®;^|p]©ffi<fe»c^!^ai-rJ:a icbT^H 
v^o $?>i;> ^ailll*-r^©fflHiiS«©*f:ft^:^(Rl© 

fp*SB^^aj-rj;at b■r•&^v^<, ^fiiStt®ffiKS*® 

MMn:^\^o:>m^lK^tii\^irztic^*). {fe®^ft^T- 
b fe^S© V >v 9^ > t i ?.fflll©^»S:giST- g . 

[0 0 7 2] ^tzs ±mmmm 1 ~ 3 t-j*. ^tc^iptt 

ai^M©ilS£ t ia® A^PI bX- $> -S tc: o V > T ^ b T 

i^h«®iii«»tt. mti^xh^x'bmmtjimm 

b. '^S'StS^^ff 5 ^ i: A^T- § S i: «i 

[0 0 7 3] ±iBIIS£C?iJlv 3-eii. IM (2 

^) ©l^fP^ttB^Bi: l^©ffiM««c«6^fflv^T0S 
^|Si®©li*Pl^tl:l^«iiffliS^©ffillM»^«$:ffl 
^ne.©i^SSiK^bTljfii/^o lfi^#;5i: bT 
{±, *lfPl^Ul«®P^©F^P*5S*S^fP1^t±l^B©ia2: 
mc^^t-^fcti-fc*?. ^;^|pi(ciBfi^nfc-ffl©ll»l5^ai^ 
S iKS 7? [SI t iSB ^ n -iS©lKimtB^a 



(11) 



<^m^ 8- 1 7 8 6 3 7 



[0 0 7 4] ttz. mmm 2 T-<i i ^(D^mmmms^ 
[0 0 7 5] s fe. ±mmmm 1 ~ 3 -r-ii^ 1 ocotif* 

c i: (c J; D tif* ^ T- ©Eg^fe ^ V > {i^f*:cD^t!j:ftS * ffliJ 
[0 0 7 6] *SS«?iJ4. WT. *^B^©SiJ©IISS«^J$:B 

iz-ov^xmrn-rzo ±i3iiMfi^ji~3T-{i> i^fPt^tn^ 
*)Mv^, mi5itmmm 1 ~3 ^ci5v^Tfflv^fc^&fl5t^^±^s 

gla. lb. 1 cfflf^f)Ca^a31a. 31b. 31ci: 

mmmwmm^2^m^>tzmmmmimi.rzi>(Dx-^^o 

ia'=f (a)(iia 1 gltf(b){iia9®f^#T-fe5o 
[0 0 7 7] m'. S!J#^::oV^TIIIf^'(a)Har3V^TSi 

5, fij^Ks iii^*5 2 5 epg^c^ix-r u-<jvx'mm.^ 

(«^jx.«#Hutc^©*ijwftt^j*toT*3<) ^mn 
(DifLWt [^xmmm i ~ 3 r-fflv^t^fptf ^gtcii^-r s 

1 ~ 3 timm^£^mizm.^x. mm^m^mm-r^o 

tiii. m$miiimmtLxxjimmm7-^m\>tzm'^j^ 

[0 0 7 8] ^fe. IISE«?iJ2. 3©<fcaCJi^M{3gSa 
[0 0 7 9] 5 . ±tBIISS^J 1 ~ 3 t-tt. 

mmmmmiz i 5 1 ^^<D^mmx-^m^^m 



6^mmpmmmz3it^ mmmwmm.2izmm^tix 

b. 1 ctc^iJWI^^iiS, @4i(a)(±0 1 {c, lliti(b) 
iiH 9 t:^9-l¥tg*JfflI^a33*M*n bfe^fi«f!)c&^ UT 

[0 0 8 0] ^)^t6^&fiJffil-rS5()^if5A^®ti^ilS{±. II 

^mtzm-^-p. ^itiuyxcDi^m-^T^-i ;>(■> vcD-rti 

riz^'pm?> :i tifi^m^ti?>m-^-^j^i^x-^ ?>o mm 
^ihrnmia. lb. 1 c^o^m^^^mt^mmiz 

mm) ^-a-. ^tie.®s«s^ej«T-s. f^mti^x 

^vm-r?>ysmt[yxit. mmmmmw<D^m.mizm^ 
m^mm.(D\f>h^'p[.-r^vtz>^. ^tzumn^mm^ 

[0 0 8 1] mmm e . ±mmmm 1 ~ 5 x-a. mm 
©^^<£6i^i-^cii;45-e§i.» Sfc. as-rsiii^i: 

S f3 ©gg^oiij^© t b S {i -r ©^!l© V >y 5=- 
[0 0 8 2] HJSfiJ 7 . ±f3^5£^J 1 ~ 6 Xii. 

'^A.tzmm.<Dmm^^ i « i >)fflH©^< tBs-rnmiy 
^^isb. ^(Dm.i.^'^^i^xmm^tzm^mn&-&^ 

isbx\^^^ifi. ^»#I«;A5»^B§©IiJ^ (WS) ©fflll^ 
^=F$rtEtSbT43t. ^tit.^i^ifih?>m(Dmm(D'»^ t 
©M^^*»T. ^©i^^*-f>fflil®^<T-^-r*x«* 
5l<»T!^i*:*T-©gg^Sfc{i^l!l^jg$:«iJ^ bT 

[0 0 8 3] M^*;6<]tC(±. ^J^«E|14©7P-f^-\'- h 
OST301lri'V>T. WM^W^fPl^fHSTfT^o ^b 
Ts Cl®ltl6{3tie-3Tfftfflll4ST307-e^lSl>*|g2 



(12) 



#M¥ 8- 1 7 8 6 3 7 



[00 8 4] Sfc. E|13®70-5^-\'-ht:i5tt^^J(i 

T-^ 1 St>*^ 2 ©;< ^ U tiBlt^^T i5 < o ST308-C- 3 
CD i S ^SPtS^ ^ ffl 0 > T iJfJff 5l< a 5 d 

[0 0 8 5] iiss««j 8 . ±tmmm i ~ 7 {c43v^Ttt> 

>:/ 9^ > y t <t »3 ^ D S ffl P 5 o V> T El ^ 

v>T. lEUV^ffiH 7 a. 7d{i^:^ia{c3p 

H7b. 7 cttlEbV^ffiM? a. 7 d ^^^M^^*tb?* 
^^^)&t!igt^b■g.o ^©ttHSrfiJfflUTmc-^^vf^-V^ 
J; 5 ffl S ^ 1^ * -r « i ^ o 
[0 0 8 6] lI17{±|^*©;^&*5^bfciaT-fe5o E«C 
*5l^T. fflMff?'J©^^^ll:7^[Rl©W&^'^T^©^n^ 

tifflfo©f(S: t:— i'©:'c^ ^ bTfflMWfc^N bfe t © 
T-fe*o l'3©KfflfflKT-fe5 5l^-i'fit(Xn) 

^sRtoT. *C*^e>|iS{Pi|T-M^i:oTV><i!!ia^fT5. 
d 3T-{iXnA^?>liS0i|K i fdt:tiltifeXn_,hX„ti*^rB 
^$tl. XnA5X®ffi||CDl^-^T-feofcCi:*ss31ia$ 
tl^o ifeK. Yn*e,t^{Pi)©Yn_,i:Y„t,S^*bXn*5 
X©ffiM©l^— ^J'T-feofer i:ASiBtt^n-5, ti±©^ 
H^j^fJilt-CtTN K©fflM©;fe*^K5©{ii«C^b 
5t-^'{i|5§5*^nTU<o ^©^ffitctti. ^^©v-y 
5^>ytiaffi||^^*-rtxSiiiil5fLa (ti-fiiJ) ©»Jg 

[0 0 8 7] *5S«?!l9 . ±83jm^JT-«is 
fcbT7te-i — 0^'y7•^;^!V^fe^S-&^^bfcA5^ ^J^ 

ii^, m) :cmm^j © 1 1 6h~ 1 2 dmi^m^ 
m<Dmntmm<D^ < -r- -m»©f+ic^^T'& a i:\ 

[0 0 8 8] lI18t^§^tg{tt-^-n^>v7'©|p]^ 
#lJEiK©-fi?!lSr^N-ro la{C^5V^T. [ISS© 2 o® A^iS? 
34a, 34b{C2oOii]i^®^fPtf?8S:-?ti^nA;'7^ 
•So il^®kSi©^fii^©$iJ|5tf$S®fflHWk(i,j){i 



J; c35iziimmnn(D^mmmnm^tix 

0<„ fflil®SIPi)5i^T1-n«> tb^'jSg^Sea, 36b© 
S'J®t|-»^t:J:-:3Tj»^^)^*[qI'^®fflliiigS©ffi©tt» 

^ASfTt)ti?.o iix-r(Dmmit:iti^x(Dmm.miimmx' 

[0 0 8 9] mmm 1 0 . ±Mmmmx-ii. mmmwm 
m^(oxt3t Lx^^^^A,tz^?>^^ttmi^^-^^^ji^^ 
*«©li^®^*i^S©$if|5«^&fflv>, ^i^^x-(D^ 
^fe 5 v>{ii^i*;©i^K;:^lffi<&ffliJ^-r bfci^. 
:i©^B^(icntPSe>n?.t)(tT-{i'5: < . SiJ®t»«SrA 
;^7i: bTfflv>n««^^{fe®^tg^^:ST-*S, 

[0 0 9 0] i^y b-f >>'N-UT> b^/t^-> 

;^J; t)^-^bfcv^iii^® l >fe^vMi i 

tBt«bTi5V>fe l<!5Jxi/^<5'— >S:A:'3-r2)o jiS^®/^^ 

■r?>Tn«fA&'feffiMf»>65ff ^nso titoT. *®-r 

na^t^liib^®^*!^*:!^:^^^:!?. ^^^ — >(Di^ 
[0 0 9 1] 

[^B^©^^^] iU±®ctd(c. ltsl<Jai©«B^tcJ:tv 

ttv ^Sif^*(Ric^n-cis«bfc2^©iifmtii^Bfc 

J; fj^tii^ti^tSI-^-^ftrfS^© 1 ffl©i^lPt»#©ffl 

WT?ij^ti-» b, mmm'irm(Dmm(Dm^^^mmizm 

» bffiMfT?iJ©^:^;?fpI'\®SJ^H-»-rSfflHS»^a 

mm^mnmcoM-^:^m^(Dm^&i^^it-^X'(D^ 

i^mSBtHA5^*i^g;in®:t-^T-i!LS-t-g> ^W-^X 
[0 0 9 2] lil±©J;-5tc. st^iB2©^B^tca;n«, 

mm.^ixfz^^o:>n%m^^(Dmnmm.^m\'^x. mta 

•5 B#SiJH®tii*®«fP«$g*ili^©— **IIS(^fflHfT 
^J$:tf»U KfflHfTJ'J©SJR®fii*«ft^«fcin»: b 

HfifafflllfT?iJ®M:^;?|Sl-N®ffl^a{cti^®^«^:^|Si 

w-(Dmnmm.^m\^^fz&). tie^iii«^n®3s 

(n3) ®:t-yT-fe-3fcia^maB#Fa>f)5^4!^ISn® 
<Mit>^:itt^X'^i>o 

[0 0 9 3] W±®J;oK:, it^ii3©^B^f3j;nK. 
f|5l^tB^MO^*f^7?lRl®iSB^JS«C 7 - bVN- -f 

?)C i:{c J; !3tif*©iiM^qItgi: biffl^mS^Bi: bt 
©aBlAS(Si±t-?.o 



(13) 



^mW- 8- 1 7 8 6 3 7 



[0 0 9 4] ti.±CD<J;5lc, if*ii4®^B^{cj;ti«s 

omsm < S c i: A^T- & 5 o 
[0 0 9 5] ti±Oj;dC. if5K^5®^B^{cJ;n«s 
lf*Jai75M4{ci5i,^T. ffiBliUML^at bT. 71^-1' 
® [pi (cin«L qitgjfc * * ^ ^ ^ - i 

^ o 

[0 0 9 6] tiL±0<tdC. §t*lH6®%B^{C 

»5fcai73M4{c43v^T:. mmmm^m.i^^^mm\^^ 

[0 0 9 7] Jil±©idt. i»5Rll7©#6B^{C<J;n«v 

B^^?>{cilxfe©T% -^*^^T-^<. aiScffl^* 
J^«©$ifP««^fflv^5^i:{cJ;i3. y^fX^O^gS: 
fl»rT- § t fe:fe*©Ii]^®^ i?©teaA5±Ttc^'J>r 

[0 0 9 8] \>X±.(DX.o\Zs fiS<il8©^B^{cin«. 

if*iMi73M3{c43v^Ts lifl51t^ii^«A^^ mm.mtm 
ti«*f#stt»^fcT-«j5S;$n2.©T-. iSjafflti-»«i<& 

ffl -5 :i i 13 r(lffl©a^#T-]«Mf3MII5l<^ti5*5 Ritl 

[0 0 9 9] Jil±©i 5 if «IS 9 ©fgB^H J:n«. 
iS^iI 1 7bm 3 {ciJV^-C. J; f} S?»fc*i 

Hff ^J©W^*|qI'N©fn©fe^|BtSt-^ll 2 ©^ ^ u * 
ilx.7^c©T-s 'J^^miZJJB bT m 2 ©;< ^ A- i£i'5^cB#SiJ 

©+f$g$:wBo^^'ajbT^®^^*e)x ^miz9^i^(D^mz 

[0100] lU±®i 5 W^JM 1 0 ©^^{c ^fi 

mm(DX:hm^t^^m$mm^miii-nm i ®X7^ 

>v |5] b^^®«Sia®^fP«$g®fflllfT?'JS:l+» 
■r 2 ®X5^ >;/ 7*^:. fflMff^JS:fT^J®®S^S5-)!]I]ff 
1-?.^3®X7=->;'7'i:^ iDffbfefflMfT^J©^^*(S]© 
fO**toS^4©X7"'y7"i:. ffiBlfT?'J©?^f^;?lpl©Sl 

*^ e>ffiii©^t^ff?ij©s«©fTi?tj©^^ia>!p e>®-r*xfi 



m^m^^xm^^sim^nofztb. m*T-©sggi^sa 

[0 10 1] W±©ctaic:, m^mi l©^R^{cJ:n 

A*lil^iP5>^4i^«t||fI5ti^$rt^tB^^^l® 
XT^'^/T-i:. p<^'J*?)1^^B#Sij©iijil®miiBA:^;il^ 
i: [5) b^$©^ac)^04BWft^&»s5!^ait-^ 2 V 

*3R»-S^5©X7^\y7'i:. ffillff5'J®*r:^;6TSl©R*' 

?>fflH©^v^^T^J®s^©^f^J©^^iS*^e.©■r^^a$r 
5i?»-5^6©x7^^;/ri:. K-ma*^^;^^;©^*^?? 

X. mtii^nn(Dmw<Dmm>mmL^m^^xmMm^n 

ofzib. «3t*:©^l!;^JS^£iSiiS(cao;SMjet*i?)i,c 
hf^X^^o 

[0 10 2] J-:i±©idt. ftslcill 2©^B8J;rJ:*x 
{S^ »^iH 1 1 {c43V^T> tii*©**iS*rSi®^i!j^S 
©tf iitf1^{±i^S©**a;&[fii®iS:e 
:^JS$:$iJffllf S^8©X7^-;/7"$:$e>fc:fiB^fc©T% «Kl 
^*;©i6M<&nJtgi:-r5. 

[0 10 3] U±©c};ot, sS«Jil 3©^B^^CJ;n 

«v w^iii i^fetii 2(c*5v>-Cs mmmcDnnis 

IrI©I0^*462.||5©X7^^v7*®^{C. fflgl^T^iJ©^:^ 

b^ KM'S>5Bt^J®*SMfT^iJ®*f^:^lSi©»^a:«<bll 

SiJ O Ttifi*^ ©^» (3 H f s «^ ^ 8+»-r X 7^ 
T-i: fe©T% 'iJgt-ic; bT ^ ^ 'J A^ e. -i^S'SBt 

Mo)mn^m^tiit:itizj;:t)^n^(Dm^^m^^xm 
m^^t.ifix^?>. 

[0104] JW±©i ^ WsRJI 1 4 ©^BStC ifl 

»*iMi 0(Dmi^(ommt. ifstsiBi i:^Mit5i^« 

1 3©v^■r^A^ liM{cf3«®^f*:©^*^;^[Si©^|&:^ 
JS i: *^ e> i^i*©**!^;? lRl©^l&iSJK ^ tf» f ^ X 7=- >y 

<(Dmm.^'i^?>zti^x§?>o 

[0105] W±© J; a IS^IB 1 5 ©^B^fc Xti 
it. ttsRiBl l^fettl 2tc*3V'>T. ?-»i^i*;©^v^W 

^tc. *p(c:igabT{±j;K-r?)^©ffiH^©y'f x©^ 
[0 10 6] i:k±(D^oiz, m^mi e<D^BEizxn 

li. if 1 3 k:iDV^T^ ^to^i*;©*:v>»Mil^©ffi 



(14) 



^mW- 8- 1 7 8 6 3 7 



[0 10 7] W±0<}:dt. W5R« 1 70^WCJ:n 

[0 10 8] u±®<tot. f»5t?^i 8(Dmnizxn 

®^v>^f?iJ®^S®5^*l^*t-SM{g'&*»^fflv^fc® 

[0 10 9] t^±®J;ai-> W5l?ill 9®^H^{cJ:n 
(S> iSslcJSl 075S1 8{C^5V^T. SiJ®^IS{Ci 

ti. \) . iij^®,^^^®^^!!La«tg*5±i;*ct-s o 

[|1I®®®*'5;85S,B^] 

en 1 ] *^H^ffl^SE^J 1 1 cfc ?>ia^^i!LS^g^fiJffl 
L feEgSiaiJ^^g®«fi!ciaT- S o 
[02] *|6H^®|ISS^J 1 i -S SggiiiJ^^e®i6it 

[0 3] *^B^®*SS^J 1 1 «t ?.Sg^SiJ^^S®^f|5 
m 4 ] *^BJ®^^?i| 1 iZ i SSg^^iJSSSC43V^ 

^^eo^fPi^m^Et^j^ut^mstifc^iPtf^®- 
m^7ri-rmx-h?>o 

[0 5] *%B^®^SE^J1 tJ;5gBMJ^^S^;*3V^ 
:fe:&®lil?|5ltaiSatJ;>)^tai$txf^kfffe®lrafP 
«$8®ffiilig^^^^1-S■t•fe 
[0 6] *^BS0^^Jlt;:<t2)SggiSiJ^^B{cfflv> 

§ o 

[0 7] :^mM<Dmmm 1 1 j; ^imm^mm.(Dmm 
«isl^b ffl V ^ ^ - i - D 5=- 'V r® 1 ^®®s pj^§ 

So 

[0 8 ] ^^Bmmmm 1 j; •ssg^ffl^^a■r-fflv^ 

•SfflUMiC^Si:: UT3fc-i-D5=->y 7•SfflV^fc^®Sg 



^SI^^BO® l&f^^Ji ^ 7 D -5^ -^^ - h T- S o 
[El 9] *IBBa®^SSfi!!l2JcJ;SH^iQ,a^B4^Jffl 
Lfcf!lft®^14l^ai^S®^fi£0T- i) . 

[0 1 0 1 *^Ba®iijg0ij 2 i ^mmwiii^m(Dm 
i^^m^^^Tyo—^-v—hx-&?>o 
[011] *^B^®^sg^j 2 n i ssij®^»^ai^« 

®«filE-C-fe-5o 

[012] *^B^o^ss^j 3 i ^mmm-mmm^m 

[013] *^Bao||i6C?iJ 3 1 i SSgg|ffiiJ^St>*^^* 
®:^i&l^Hl®l&ft^lli ^ 7 D — 5^ - h T- -5 . 

[014] ^mmoDmmm 3 ^ ssijoggggjii^^iu; 
^f$:®^i!i^m® iSf^ ^« ^ ^ f 7 D -5^ > - h T- 

^ o 

[015] *^B^®^S£^J 4 1 i S il^5!ia^B®^ 

^mx'&^= 

[016] :$imBM<Dmmm s c j:i^mm^mmmcDm 
^mx-^^o 

[017] :^%m(DnMM8lz^:i,^(D^^y^y^iZ 
J:5ffiM^I^*-rs*»^SiBj-rs0T*feSo 

[018] *^B^®^j£^j 9 iz^^mmmwmmx^ 

5 ^mmtm § JL - P 5^ X® 0i^«JEK0T- s s o 
[019] XT^L/rt^ItCi-SSg^jiJ^'Sif-C-fflV^SH 

^fflijfioJia®l5iB^0T- , 

[020] ti^S5®Sg»J^^BO«^0T-$.Sc 
[021] i;e*®Sg»J^SB(c43V^T;£®«^^A^ 

il^F^T-^jS:^-rSS?^'J^li:®^*«>S*?S®iiB^0T-fe 

^ o 

[022] iAe3fe®ggMJ^^B®«J#^)ii*S^1-7 o 
[023] tJe*®Sg»J^^B-r-*TjS.'^4*»?.Bt 

Os ^«/J^«:^B®{4B^3*^■ri.sS'J^«^Ai:B®^^^' 

[^?F-^®l5iB^] 

la. lb. ic mmmmmm. 2 ffliiMac^ 
B. 3 mwm. 4 ^ftRi^^^*? (vsp 

D) . 5 $iJ®«Efflff;5lRliaia. 6 ttl;bffl?iJ*fSl 

lEJ^. 7a~7d fflH*^lT-$)SS^ 

8 9 ^-sL-u^^^r^ 10 ^ 

>t<$^^:t-K(LED). 11 mma]m§:^m7-<D-^com 

m. 12 ^SRi'^s*«?®fte^®«ii 

13 ms.^^mm. 14 7fesgit«E^t^iiss> 

15 LED 16 ^^;U3>^^b. 17 n 

SGaAsSffi. 18 n^^AlGaAsJl. 19 Ktt 
GaAs/Al GaAsBv 20 pSAlGaAs 
m. 21 pSGaAsli. 22 ^i^7-f;i/A. 23 
LED^g«m 24 ^ttAlGaAsil. 25 GaA 

sm. 26 wimmm^T-. zi \hij9.m.^=?: 23 



(15) 



1 7 8 6 3 7 



^t'J. 29 m^-^&m^^ms 30 ^2cD^tU. ^>yy(DXt}m^. 35 ^^'J^i-y^, 36a. 36b = 
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